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Previous studies in patients with stable chronic obstructive pulmonary disease have demonstrated that objective
measures (lung volumes and respiratory muscle force) and clinical or subjective measures (symptoms of
breathlessness and exercise tolerance) are quantities that independently characterize the conditions of these
patients. Such an evaluation has not been previously applied in patients with stable bronchial asthma. Sixty-nine
patients with stable chronic asthma underwent evaluation of static (functional residual capacity, FRC) and
dynamic [forced expiratory volume in 1 sec (FEV1) and forced vital capacity, FVC] lung volumes; respiratory
muscle strength (RMS), by measuring maximal inspiratory and expiratory pressures, and exercise capacity by
means of the 6-min walking distance (6MWD). Chronic exertional dyspnoea was assessed by the Baseline
Dyspnoea Index (BDI) focal score and by the Medical Research Council (MRC) scale. Statistical evaluation was
performed by applying factor analysis. Three factors accounted for 78% of the total variance in the data: FEV1,
FVC loaded on a factor I; RMS, FRC and 6MWD loaded on a factor II; dyspnoea ratings loaded on a factor III.
Post-hoc analysis by randomly dividing the patients into two subgroups gave the same results. In asthmatic
patients, airway obstruction appeared as an independent dimension or factor. Dyspnoea independently
characterized the condition of asthma. Submaximal exercise tolerance could not be associated with the symptom
of breathlessness. Evidence of independent factors support the validity of routine, multi-factorial assessment and
the primary goal of treatment to alleviate symptoms and improve functional capacity in stable asthmatics.
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Symptoms of breathlessness and exercise tolerance, and
objective measures, e.g. lung function and respiratory
muscle strength (RMS), are important outcome measures
in the management of patients with chronic respiratory
diseases (1–3). By applying factor analysis previous studies
have shown the independence of clinical measures and
objective measures in patients with chronic obstructive
pulmonary disease (COPD) (1,3,4). However, no studies
have been carried out to determine whether the traditional
outcomes used to assess the severity of the disease and theReceived 27 September 2000 and accepted in revised form 30
November 2000.
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0954-6111/01/040246+05 $35?00/0response to therapy would reduce to similar or different
factors in patients with chronic stable asthma. Evidence of
independent factors would support the validity of routine,
multi-factorial assessment in these patients.
To give insight into this issue in patients with chronic
stable asthma we applied factor analysis. In factor analysis,
a set of variables is reduced or rearranged into smaller sets
of separate dimensions that account for significant portions
of the variance in inter-relations among variables. The
solutions are characterized first by the number of indepen-
dent factors extracted and, secondly, by the pattern of
relationships between the original variables and the factor
(5).
Thus, the purpose of using factor analysis in the present
study was to determine whether, in clinically stable
asthmatic patients, lung function, dyspnoea, RMS
and 6-min walking distance (6MWD) would reduce to
similar or different factors. With the goal of defining a
respiratory rehabilitation programme, this may be of
clinical relevance.# 2001 HARCOURT PUBLISHERS LTD
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This study was approved by the Ethical Committees of our
Institutions. The study was conducted according to the
declaration of Helsinki. Patients gave their informed
consent to participate in the study.
SUBJECTS
Sixty-nine consecutive patients with stable chronic asthma
were recruited. Asthma was characterized by dyspnoea with
wheezing, variable airflow limitation with partly reversible
obstruction and bronchial hyper-responsiveness, and by
absence of smoking history (6). All patients in this study
were well known in our Institutions’ outpatient clinics, to
which they had been referred for periodic medical visits to
adjust their treatment. At the time they were recruited for
this study, patients were all in a stable condition, as
assessed by stability in arterial blood gases and pH, and
were free from exacerbation in the preceding 4 weeks.
Patients were receiving inhaled steroids and bronchodila-
tors and had received systemic corticosteroids during
exacerbations of their disease.
No change in routine therapy was made in the week
preceding the study.
FUNCTIONAL EVALUATION
Routine static and dynamic lung volumes were measured
according to standard procedures (7). The normal values
for lung volumes were those proposed by the European
Community for Coal and Steel (7).
Maximal inspiratory (MIP) and expiratory (MEP)
pressures at residual volume (RV) and at total lung
capacity (TLC) respectively, were measured according to
the method of Black and Hyatt (8). Predicted values were
those of Black and Hyatt (8). Respiratory muscle strength
(RMS) was assessed as (MIP%pv)+(MEP%pv)/2.
Exercise capacity was evaluated by means of the 6MWD
(9). 6MWD was performed with three practice tests on 2
consecutive days. The highest value was recorded. All
measurements were performed and recorded under the
supervision of a nurse not involved in the study.
Dyspnoea
Chronic exertional dyspnoea was assessed in all patients by
the Baseline Dyspnoea Index (BDI) and by the Medical
Research Council (MRC) scales (10,11).
BDI is a multi-dimensional instrument for measuring
dyspnoea based on three components that evoke dyspnoea:
magnitude of task, magnitude of effort and functional
impairment (12). A baseline focal score, obtained as the
sum of the three components, ranges from 0 to 12; the lower
the rating, the worse the dyspnoea. Italian translations of
both MRC and BDI were administered prior to pulmonary
function testing (13).The modified MRC scale is a five-point rating scale that
relates primarily to the magnitude of the task that provokes
dyspnoea: grade 0 (not troubled with breathlessness except
with strenuous exercise), grade I (troubled by shortness of
breath when hurrying on the level or walking up a slight
hill), grade II (walks slower than people of the same age on
the level because of breathlessness or has to stop for breath
when walking at own pace on the level), grade III (stop for
breath after walking about 100m surface or after a few min
on the level); grade IV (too breathless to leave the house or
breathless when dressing or undressing) (10,11).
STATISTICS
All correlations were evaluated using Pearson’s correlation
coecient and Spearman’s rank correlation coecient. No
significant difference was found between parametric (im-
posed by factor analysis) and non-parametric tests. The
relation between categorical data was determined by the w2
test. Differences between subgroups were evaluated by
using the unpaired t-test. Factor analysis was used to
determine the dimensions underlying the pattern of inter-
relationships. Factor analysis is a statistical technique
applied to a single set of variables to discover which sets
of variables form coherent subsets that are relatively
independent of one another (5). Variables correlated with
one another, which are also largely independent of other
subsets of variables, are combined into factors. In
particular, factor analysis is used as a tool in attempts to
reduce a large set of variables to a more meaningful, smaller
set of variables, finding a way of condensing the informa-
tion contained in a number of original variables into a
smaller set of dimensions (factors) with minimum loss of
information (5,14). In the final solution, correlations are
obtained among all variables entered in the analysis and the
virtual factors. Each of the original variables employed in
the analysis are said to load on the factors, to greater or
lesser extent, based on the magnitude of the obtained
correlations between each variable and the factor. In
general, each variable loads (i.e. correlates most highly
with) a single factor. Once extracted (at the end of the
process), factors are frequently rotated in multi-dimen-
sional space to obtain the simplest and most interpretable
factors and to preserve the independence among them.
Several rotation options are available. We chose to rotate
the initial solution to simplify the factors themselves
(varimax rotation option). We tried to rotate factors by
an oblique method (oblimin) but this rotation option did
not show any differences compared with the varimax
rotation. Factor loadings are reported for the rotated
factor matrix.
The loading of a given variable on a given factor can be
interpreted, approximately, as the correlation between that
variable and the underlying dimension represented by the
factor: the positive sign preceding the figure means a
positive relationship, while a negative sign means a negative
relationship. Because no procedure is known for computing
the standard errors of factor loadings, no test of statistical
significance is possible, and therefore loadings are
TABLE 1. Anthropometric and function data of 69 patients with asthma
Age (years) Gender M/F BMI (kgm72) BDI MRC FEV1* FVC* (%) FEV1/VC FRC* RMS* 6MWD (m)
46+17 31/42 26+5 8?3+2?8 1?8+1?2 83+22 98+19 65+16 121+30 89+31 438+116
Values are presented as mean+SD.
M: male; F: female; BDI: baseline dyspnoea index; FEV1: forced expiratory volume in 1 sec; FVC: forced vital capacity; FRC:
functional residual capacity; RMS: respiratory muscle strength calculated as maximal inspiratory pressure (MIPpv)+max-
imal expiratory pressure (MEPpv)/2; 6MWD: 6-min walk distance.
*Predicted value.
TABLE 2. Correlations among age, dyspnoea score, lung function, respiratory muscle strength and submaximal exercise
tolerance in 69 patients with asthma
Age
r70?26* BDI
r0?39{ r70?64{ MRC
r70?14 r0?54{ r70?29* FEV1
r70?07 r0?24* r70?07 r0?66{ FVC
r0?19 r70?09 r70?31* r70?06 r0?10 FRC
r0?17 r0?14 r0?05 r0?03 r0?06 r0?19 RMS
r70?20 r0?26* r70?05 r0?32{ r0?32{ r0?26* r0?25* 6MWD
Same abbreviations as in Table 1.
*P50?05; {P50?001; {P50?0001.
TABLE 3. Varimax rotated factor matrix from the primary
principal components: analysis of dyspnoea, respiratory
muscle strength, lung function and exercise tolerance in 69
patients with asthma
Factor I Factor II Factor III Estimated
communality
BDI 0?41 0?24 70?77 0?82
MRC 70?04 0?12 0?90 0?83
FEV1% 0?88 0?07 70?29 0?87
FVC% 0?92 0?16 0?01 0?87
FRC% 0?20 70?64 0?43 0?64
RMS 70?04 0?85 70?09 0?73
6MWD 0?43 0?68 70?08 0?67
Same abbreviations as in Table 1.
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common rule is to consider loading of 0?45 or larger to be
‘high’ (14); this convention has been used in this study.
Finally, the possibility to perform the factor analysis was
tested by means of Bartlett’s test of sphericity.
Results
Anthropometric, demographic and functional data of all
the patients are depicted in Table 1. Significant correlation
coecients (Table 2) were observed among subjective
measurements and age, spirometry and respiratory pres-
sures, but not body mass index (BMI). Although statisti-
cally significant, the level of predictability of dependent
variable by most of the independent variables was slight.
FACTOR ANALYSIS
Firstly we performed factor analysis including pulmonary
volumes as percentage of the predicted values, BDI, MRC,
6MWD, RMS as variables in all the patients. The Bartlett’s
test of sphericity showed that employed variables were
correlated (approximate w2 203?24 df 21, P50?0001). The
correlation with the original variables obtained for each
rotated factor are displayed in Table 3. The loading of a
given variable on a given factor can be interpreted,
approximately, as the correlation between that variable
and the underlying dimension represented by the factor: the
positive sign preceding the figure means a positive relation-ship, while a negative sign means a negative relationship.
Loadings of 0?45 or larger were considered to be high (14).
In Table 3 each factor had at least one variable with loading
of 0?45 or higher, and each variable had at least one such
loading, indicating that the factor analysis was successful in
identifying several underlying dimensions.
The second step was to examine the variables with high
loadings on each factor in order to identify the element that
seemed to be common to those variables (see below).
Finally, the estimated communality could be interpreted as
FACTOR ANALYSIS IN ASTHMA 249estimating the proportion of the variability in each variable
attributable to extracted factors.
PRIMARY ANALYSIS
Three factors accounted for 78% of total variance in the
patients as a whole: forced expiratory volume in 1 sec
(FEV1) and forced vital capacity (FVC) loaded on a factor
I; RMS, functional residual capacity (FRC) and 6MWD
loaded on a factor II (Table 3); BDI and MRC loaded on a
factor III.
POST-HOC ANALYSIS
Patients were randomly divided into two subgroups and
principal-component analysis was repeated for each sub-
group of patients. A preliminary series of unpaired t-tests
conducted between two subgroups for each variable
indicated that they were comparably matched for age, lung
function, maximal respiratory pressures, dyspnoea and
6MWD. The rotated solutions yielded the same factors
already described, with nearly identical factor loadings,
accounting for 75% of the change in the total variance in
one subgroup and 79% in the other subgroup.
Discussion
In this study we primarily sought to determine whether
objective measurements [dynamic (FEV1, FVC) and static
(FRC) lung volumes, inspiratory and expiratory muscle
strength (RMS)] and clinical or subjective measurements
(dyspnoea and submaximal exercise tolerance) would
rearrange to similar or different factors in patients with
asthma.
Factor analysis is used as a tool in attempts to reduce a
large set of variables to a more meaningful, smaller set of
variables, finding a way of condensing the information
contained in a number of original variables into a smaller
set of dimensions (factors) with minimal loss of information
(1,5). Factor analysis was used to determine the dimensions
underlying the pattern of inter-relationships.
In particular, factor analysis overcomes the problem of
overlapping between variables. Indeed, some variables
share high percentages of their variation with other
variables. This is the case of FEV1 (4). Insight may also
be gained from variables that do not appear to be
significantly related to others in the analysis.
For the above reasons factor analysis can be used
successfully as a data reduction technique in a clinical
study of patients with multiple inter-related outcome
measures used to characterize the disease process (4).
The results of primary analysis showed the following: (i)
dyspnoea was independent of the measure of airway
obstruction (FEV1); (ii) respiratory muscle strength and
FRC were associated with submaximal exercise capacity;
(iii) FRC and FEV1 were loading variables on different
factors. These data look like those obtained in patients with
COPD, in whom ordinary measurement of airway obstruc-tion were not associated with measurements of chronic
exertional dyspnoea (1,3). The dichotomy between FRC
and FEV1 is consistent with the relative independence of
many of the pathophysiological factors involved in airway
obstruction, such as airway wall inflammation and re-
modelling, and factors determining the level of alveolar gas,
such as flow limitation and dynamic hyperinflation
(15–17).
FEV1 and FVC loaded on factor I. This suggests that we
should consider factor I of primary importance and call it
‘obstruction’. RMS, 6MWD and FRC loaded on a factor II
which, given the highest weight of RMS as a loading
variable, we defined ‘strength’. Dyspnoea ratings loaded on
factor III, that we call ‘breathlessness’. These findings
deserves some comments: (i) as in patients with acute
asthma (18), dyspnoea ratings and airway obstruction
(FEV1) were not associated loadings on the same factor, a
pattern which is not unexpected considering the intra- and
inter-subject variability of perceived breathlessness for a
given level of airway obstruction (19). Also, in a recent
study by Bailey et al. (5) devised to assess asthma severity,
airflow impairment and respiratory symptoms loaded on
separate factors and the correlation between the two
rotated factors showed that airflow impairment factor
was independent of symptom-intensity factor; (ii) the
findings that in clinically stable patients, FRC and
dyspnoea loaded on separate factors is only in apparent
contrast with the strong association between breathlessness
and dynamic hyperinflation reported during asthma ex-
acerbation (20). In fact, in the present study we assessed
dyspnoea and lung function in clinically stable patients
under different conditions: volumes were assessed at rest
while chronic exertional dyspnoea was referred to normal
activities of daily living; (iii) the observation that submax-
imal exercise tolerance and RMS loaded on the same factor
is in line with the observation that respiratory function
predicts exercise tolerance in patients with chronic airflow
obstruction (21, 22); (iv) the observation that static and
dynamic volumes loaded on separate factors might indicate
the role of mechanisms imposing dichotomy between
airway obstruction (FEV1) and static hyper-inflation
(FRC); (v) previous studies in patients with COPD (3)
have shown that exercise capacity, ratings of dyspnoea and
quality of life were attributed to a common factor,
suggesting that as a physically measurable variable the
performance in a standardized walking test corresponds
best to the clinical scores. The same was not found in the
present study, raising concerns with associating sub-
maximal exercise tolerance with clinical or subjective
measurements of chronic stable asthma. Rather, our data
indicates that in patients RMS was an associated loading
variable with submaximal exercise capacity. This is not
unexpected considering the ability of RMS to indepen-
dently predict maximal ventilatory performance (23).
In general, the results of our analysis indicate that the
symptom of breathlessness and objective measurements are
quantities or factors which may independently characterize
the condition of stable asthma. Thus, they may indepen-
dently be assessed, especially when evaluation of permanent
functional (FEV1 or FVC) abnormality (impairment) and
250 M. GRAZZINI ET AL.its ability to interfere with the patient’s ability to do his/her
usual job or performance (disability) is requested (24). By
quantifying the dyspnoea the physician can assess its
severity and its impact on a person’s functional health
status. Applying factor analysis may allow the separate
assessment of impairment (lung function) and disability
(dyspnoea rating) in patients with respiratory disorders.
In conclusion, evidence of independent factors supports
both the validity of routine multi-factorial assessment and
the primary goal of treatment to alleviate symptoms and
improve functional capacity in stable asthmatics.
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